Little is known about how patients undergoing hematopoietic stem cell transplantation (HCT) and their family caregivers (FC) perceive their prognosis. We examined prognostic understanding in patients undergoing HCT and their FC and its relationship with quality of life (QOL) and mood. We conducted a longitudinal study of patients (and FC) hospitalized for HCT. We used a questionnaire to measure participants' prognostic understanding and asked the oncologists to estimate patients' prognosis prior to HCT. We assessed QOL and mood weekly and evaluated the relationship between prognostic understanding, and QOL and mood using multivariable linear mixed models. We enrolled 90 patients undergoing (autologous (n = 30), myeloablative (n = 30) or reduced intensity allogeneic (n = 30)) HCT. About 88.9% of patients and 87.1% of FC reported it is 'extremely' or 'very' important to know about prognosis. However, 77.6% of patients and 71.7% of FC reported a discordance and more optimistic prognostic perception compared to the oncologist (Po 0.0001). Patients with a concordant prognostic understanding with their oncologists reported worse QOL (β = − 9.4, P = 0.01) and greater depression at baseline (β = 1.7, P = 0.02) and over time ((β = 1.2, Po 0.0001). Therefore, Interventions are needed to improve prognostic understanding, while providing patients with adequate psychological support.
INTRODUCTION
Patients' understanding of their prognosis and the likelihood of benefit with various therapies is an essential component of informed decision-making. [1] [2] [3] This is especially true for patients with hematologic malignancies who are confronted with challenging decisions balancing the risks and benefits of high dose chemotherapy and hematopoietic stem cell transplantation (HCT). Although HCT carries considerable morbidity and risk of mortality, many patients face almost certain death without undergoing this treatment. [4] [5] [6] [7] The gravity of such decisions highlights the importance of patient access to accurate information about their prognosis.
Patients' prognostic understanding has a role in their medical decision-making. 8 For example, patients' understanding of the likelihood of achieving a cure is associated with their willingness to accept chemotherapy. [9] [10] [11] Moreover, patients with advanced solid malignancies who overestimate their chances of survival are more likely to elect aggressive care at the end-of-life. 12 Enhancing prognostic awareness may potentially empower patients to make informed decisions that are consistent with their preferences, facilitating a patient-centered approach to medical care. 12, 13 Despite its importance, very little research has focused on prognostic understanding in patients with hematologic malignancies and those undergoing HCT. 14, 15 In fact, the majority of data on prognostic awareness come from surveys of patients with incurable solid tumors, revealing marked misperceptions in prognostic understanding. 16, 17 Moreover, studies are lacking in comparing the perceptions of patients, family caregivers (FC) and physicians regarding the likelihood of cure with HCT. As FC often has a pivotal role in helping patients make decisions regarding their care, 18, 19 a better understanding of their prognostic awareness is warranted.
Data are also lacking examining the relationship between patients' prognostic understanding and their QOL and mood. 8 In a study of patients with advanced cancer, those who acknowledged the terminal nature of their illness reported lower QOL and worse anxiety compared with those with overly optimistic and inaccurate prognostic understanding. 8 Patients undergoing HCT experience substantial distress during a prolonged and socially isolating hospitalization. 5, 7, [20] [21] [22] [23] Therefore, the relationship between prognostic awareness, QOL and mood in these individuals and their families is particularly important, where the physical and psychological treatment burden is high.
We recently completed a prospective longitudinal study assessing patients' QOL and mood during hospitalization for HCT. 24 In this study, we also sought to evaluate both patient and FC preferences for receiving prognostic information, and compare their prognostic understanding to the treating oncologist's perception of prognosis. Furthermore, we conducted an exploratory analysis to examine the association of patients' and FCs' prognostic understanding with their QOL and mood.
MATERIALS AND METHODS Participants
In this study, we included English-speaking patients (age ⩾ 18) with hematologic malignancies admitted to Massachusetts General Hospital for HCT. We enrolled consecutively eligible participants within three transplant cohorts (1) autologous HCT (n = 30); (2) myeloablative allogeneic HCT (n = 30) and (3) reduced intensity allogeneic HCT (n = 30). We excluded patients with significant psychiatric or other comorbidities, which the treating oncologist believed impaired their ability to provide informed consent. We asked enrolled patients to identify a FC (a relative or a friend who either lived with the patient or had in-person contact with him/her at least twice per week) and invited this person to participate in the FC portion of this study. Patients without a willing or available FC were still eligible to participate.
Study design and procedures
This study was approved by the Dana Farber Harvard Cancer Center Institutional Review Board. We identified eligible patients with a planned HCT admission during the weekly bone marrow transplant team meeting. A trained research assistant obtained permission by email from the treating oncologist to approach eligible patients and their FC within 72 h of admission. Willing participants (patients and FC) provided written informed consent and completed baseline questionnaires~6 days prior to transplant (day − 6). We then followed participants longitudinally and obtained self-reported measures weekly during hospitalization.
Study measures
Information preferences and prognostic understanding. We assessed information preferences and prognostic understanding using the 10-item Prognosis and Treatment Perception Questionnaire (PTPQ), which assesses patient beliefs regarding (1) likelihood of cure, (2) the importance of knowing about prognosis and (3) preferences for information about treatment. 8, 25 We previously performed cognitive interviews with patients to ensure the content validity, readability and acceptability of the PTPQ and have utilized it in prior studies. 8 We administered the PTPQ to patients and FC at the time of admission for HCT (6 days prior to transplant).
We used specific items from the PTPQ to evaluate patients' and FC information preferences. For example, participants reported their preference for receiving information about diagnosis and treatment ('prefer not to hear a lot of details', 'want to hear details only in certain situations', or 'want to hear as many details as possible'). We also asked participants to rate the importance of knowing about the patients' prognosis on a 5-point scale (ranging from 'extremely important' to 'not at all important'). In addition, participants reported the frequency of having a conversation with the oncologist about prognosis on a 5-point scale (ranging from 'never' to 'very often'). We dichotomized participant's responses into two categories: (1) very often or often; or (2) less often or never. Finally, we asked participants whether they had a discussion with the oncologist regarding end-of-life care ('yes' or 'no').
Finally, the patient, FC and the treating oncologist, each reported their perceptions of the patients' overall prognosis using a single item in which they rated the likelihood that he or she will be cured of their cancer on a 7-point scale (ranging from 'very unlikely/ o10%' to 'extremely likely/ 490%'). We grouped responses into three categories: (1) extremely or very likely to be cured/75-100%; (2) moderately or somewhat likely to be cured/25-74%; and (3) unlikely to be cured/0-24%. We then categorized patients and FC as either having a concordant prognostic understanding if their responses were concordant with the oncologist's response or discordant prognostic understanding if their responses were inconsistent with the oncologist's assessments.
Demographic and clinical factors. Each participant completed a demographic questionnaire that included age, gender, race, ethnicity, marital status, income and educational level. We reviewed patients' electronic medical records to obtain data on cancer diagnosis, Eastern Cooperative Oncology Group (ECOG) performance status and comorbidities as measured by the HCT-Comorbidity Index. 26 Quality of life and fatigue. We used the functional assessment of cancer therapy-BMT (FACT-BMT) questionnaire to assess patients' QOL. 27 The FACT-BMT contains 47 items that comprise 5 subscales assessing physical, functional, emotional, social well-being and bone marrow transplant (BMT) specific concerns during the past week. Higher total and subscale scores indicate better QOL. We also calculated the trial outcome index, which is the sum of the scores on the physical well-being, functional well-being and BMT subscales of the FACT-BMT. To measure patients' fatigue, we used the FACT-Fatigue subscale, which consists of 13-items about fatigue symptoms during the past week. 28 Lower scores on the FACT-Fatigue subscale indicate greater fatigue.
To evaluate QOL in FC, we utilized the Medical Outcomes Study 36-item Short Form Health Survey (SF-36), which measures physical functioning, role functioning-physical, bodily pain, general health, vitality, social functioning, role functioning, emotional and mental health. 29 We also calculated two summary scales derived from the SF-36: physical component scale and mental component scale. 29 Depression and anxiety. We measured participants' (patients and FC) anxiety and depression symptoms with the 14-item hospital anxiety and depression scale (HADS). The HADS consists of two subscales assessing anxiety and depression symptoms in the past week, with subscale scores ranging from 0 (no distress) to 21 (maximum distress). 30 We also assessed mood using the patient health questionnaire 9 (PHQ-9). The PHQ-9 is a nine-item measure that detects symptoms of major depressive disorder according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). 31 Attrition and missing data Patients admitted to our institution for autologous and reduced intensity HCT are hospitalized on average for 1.5 weeks after their transplant, and those undergoing myeloablative HCT are hospitalized for 2.5-3 weeks after transplantation. Therefore, we analyzed data up to day +8 (8 days after HCT) for all participants in this analysis. Only 6.7% (6/90) of patients were missing day +1 evaluation, and 20% (18/90) were missing day +8 evaluation. Most missing evaluations (91%) were due to deterioration in patients' health status and being too symptomatic per self-report. We used several methods to compute missing QOL data and compared the results with those without imputations. Imputations involved (1) simple mean imputation and (2) last observation carried forward. We also utilized maximum likelihood estimation for missing data. As our results were similar with the different methods, we used the conservative approach of carrying last value forward to account for all missing patient and FC reported outcomes since QOL data were not missing at random.
Statistical analysis
We first calculated descriptive statistics, including means or medians for continuous variables depending on the normality of the data, and proportions for categorical variables. For all analyses, we considered two-sided P-values o0.05 to be statistically significant.
To examine prognostic and treatment understanding, we reported responses (frequencies) to PTPQ items, including perceptions of the likelihood of cure with HCT. We compared participant-provider responses using the Χ 2 -test. We measured agreement of participants and provider responses using the ĸ coefficient.
Finally, we explored unadjusted associations between prognostic understanding and participant's demographic/clinical factors by conducting Χ 2 and Fisher's exact tests for categorical variables as well as t-tests for continuous variables. Using linear mixed effect models adjusting for potential confounders identified in unadjusted analyses (age, type of HCT and comorbidities), we examined the relationship between participants' prognostic understanding and the following outcomes: patient's QOL (FACT-BMT and trial outcome index), patient's fatigue (FACT-Fatigue), FC QOL (physical component scale and mental component scale), patients' and FC psychological distress (HADS-depression, HADS-anxiety and PHQ-9).
RESULTS

Participants' characteristics
We enrolled 97% (90/93) of consecutively eligible patients admitted for autologous (n = 30), myeloablative allogeneic (n = 30) and reduced intensity allogeneic (n = 30) HCT between 7 January 2012 and 3 October 2014. We also enrolled 47 FC and most (72.3%, 34/47) were a partner or spouse to the patient. Twenty one (23%) patients did not identify a FC that they were willing to have us approach for study participation. The remaining 24% (n = 22) of FC either refused to participate or were not available during the allotted recruitment window to consent for study participation. Tables 1 and 2 depict patients Abbreviations: HCT-CI = hematopoietic stem cell transplantationcomorbidity Index; MDS = myelodysplastic syndrome; MF = myelofibrosis; MM = multiple myeloma. Association of prognostic understanding with demographic and clinical factors Patients whose prognostic understanding was concordant with their oncologist did not differ by age, gender, education, income, comorbidities, ECOG performance status, cancer diagnosis or relationship status, compared with those with discordant and more optimistic prognostic understanding. Similarly, there were no differences in age, gender, race, education or relationship to the patient between FC with concordant (versus discordant) prognostic understanding.
Association of prognostic understanding with quality of life and psychological outcomes After adjusting for potential confounders in multivariable analysis, patients whose prognostic understanding was concordant with their oncologist reported significantly lower QOL (FACT-BMT and FACT-trial outcome index) and higher fatigue (FACT-Fatigue) throughout their hospitalization (Table 3) . Furthermore, patients with a concordant prognostic understanding reported significantly greater depressive symptoms (HADS-Depression and PHQ-9, Table 3 ) and a steeper increase in these symptoms during the transplant admission (β = 1.2, 95% CI 0.90-1.5, P o0.0001).
Finally, across all domains of the SF-36, FC did not differ significantly between those with concordant versus discordant prognostic understanding in multivariable analysis (Table 4) . FC prognostic understanding was not associated with FC depression or anxiety (Table 4) .
DISCUSSION
Despite the high value patients and families place on the importance of knowing about prognosis, the majority reported an overly optimistic assessment of the likelihood of cure, compared with the oncologist. Our findings highlight major gaps in prognostic understanding among patients with hematologic malignancies undergoing HCT, similar to what has been reported in patients with solid tumors. 17, 32, 33 Importantly, patients with concordant prognostic understanding with their oncologist reported lower QOL, and greater symptoms of fatigue and depression during their hospitalization for HCT.
The extent of the decrement in QOL and increase in both fatigue and depression during HCT hospitalization among patients with concordant prognostic perception with their oncologists are notable. While the medical community has focused on the value of prognostic disclosure, 17 our findings stress the importance of studying better ways to support patients who do comprehend the likely outcome of their HCT. Patients who accept that they have a low chance of being cured with HCT may have a harder time enduring the symptoms during hospitalization, thereby leading to higher levels of distress. While our findings do not dispute the importance of prognostic disclosure, they do highlight the need to explore the complex relationship between prognostic understanding and patients' QOL and mood.
While it is important for clinicians to provide patients and families with accurate prognostic information when they are making decisions regarding HCT, our results question whether clinicians should emphasize patients' prognosis during the hospitalization period. Once a decision is made to proceed with HCT, there may be a benefit to focusing on enhancing coping strategies and building an optimistic framework while patients undergo intensive therapy during a prolonged hospitalization. On the other hand, prognostic awareness may be especially important for patients making decisions regarding alternative Abbreviations: BMT = bone marrow transplantation; CI = confidence interval; FACT = Functional Assessment of Cancer Therapy; HADS = hospital anxiety and depression scale; HCT-CI = hematopoietic stem cell transplantation-comorbidity Index; PHQ-9 = patient health questionnaire 9; QOL = quality of life.
Association of prognostic understanding with quality of life and mood A El-Jawahri et al treatment options and weighing the potential risks and benefits of HCT. Future efforts should assess the optimal timing for prognostic disclosure in patients undergoing HCT and whether there are times in the illness trajectory when the emphasis should be placed on augmenting patients' coping with their illness. To our knowledge, this is the first study to examine the FC's prognostic understanding and the FC's concordance with that of the patient and oncologist. FC and patients reported highly concordant perceptions of the patients' prognosis, which were optimistic compared with the oncologists' estimation of the likelihood of cure. Therefore, prognostic misperceptions affect both patients and their families alike, further impeding their ability to make informed decisions. It is possible that patients and FC are reinforcing each other's misperceptions, further impeding their ability to accurately understand the patients' prognosis. As FCs have a central role in the care of HCT patients, 18, 19 addressing gaps in their prognostic understanding may have important implications for patients' medical care and future decision-making.
Several of our findings are consistent with the results of previous research. In a study conducted in the 1990s, patients undergoing HCT reported an optimistic estimation of their disease-free survival, compared with their physicians. 15 Our findings in the modern era of HCT indicate that we have not made any progress in improving patients' prognostic awareness. Another study in patients with advanced gastrointestinal cancers reported an association between patients' acknowledgment of their terminal illness with worse QOL and higher anxiety. 8 We report a similar association between less optimistic prognostic understanding and lower QOL and higher psychological distress in patients with hematologic malignancies. While these associations do not imply causation, detecting them in two different populations of cancer patients is intriguing and worthy of further exploration.
Our study has several important limitations. First, we included 90, mostly white patients, drawn from a single transplant center and thus our findings may not be generalizable to minority groups and patients in other geographic areas or transplant centers with difference practices. Second, although our results suggest an association between prognostic understanding and QOL and mood, the data do not allow us to determine the causality or direction of this association. Third, we used the oncologists' assessment of the patients' prognosis as the comparator to assess participants' prognostic understanding. Studies have shown that oncologists also hold overly optimistic perceptions of their patients' prognosis, 34 thus we may be underestimating the frequency of prognostic misperceptions among study participants. Fourth, the FC enrolled in this study may or may not have been present during the initial HCT consultation when prognosis is usually discussed, and therefore may not have heard the oncologist's perception of the patient's prognosis. Fifth, the PTPQ has not been validated in the HCT population. Last, the use of imputation methods may introduce bias, as patients with missing patient-reported measures are more likely to be symptomatic. However, we utilized a conservative approach that biases the results towards the null hypothesis.
In this study, we demonstrated that the majority of patients undergoing HCT and their families report an overly optimistic perception of the patients' prognosis, which is highly discordant with the treating oncologists' estimation of the likelihood of cure. This discrepancy in prognostic understanding likely impedes the abilities of patients and families to make informed decisions, including weighing the risk and benefit of HCT. It is also noteworthy that patients with a less optimistic understanding of their prognosis reported lower QOL, and worse fatigue and depression. These patients might benefit from additional psychosocial support and symptom management during their hospitalization for HCT. Future research should focus on optimizing ways to enhance prognostic awareness in patients and families, especially as they make decisions regarding the pursuit of HCT, while providing the necessary psychological care to facilitate effective coping during the transplant process. Abbreviations: CI = confidence interval; HADS = hospital anxiety and depression scale; HCT = hematopoietic stem cell transplantation; PHQ-9 = patient health questionnaire 9; QOL = quality of life.
